Green supply-chain management is a novel idea that incorporates the concept of environmental protection into traditional supply-chain management in order to reduce environmental risks and impact. This study developed criteria for evaluating green suppliers on the basis of the green supply chain. The Decision-Making Trial and Evaluation Laboratory (DEMATEL) method was adopted to investigate the criteria for evaluating green suppliers, to explore inter criterion causal relationships and levels of mutual influence, and finally to discuss the mechanism for evaluating green suppliers, as well as the methods for selecting them.
INTRODUCTION
Traditional supply chain management (SCM) involves planning, organising, coordinating, and controlling logistics, information flow, capital flow, and workflow; it is a customer-oriented management that connects all aspects of a supply chain. Traditional SCM emphasises the delivery of products to customers correctly and in a timely manner; however, it focuses only on using internal resources in a supply chain adequately, and does not consider the impact of a relevant project selected during the supply process on the environment and people, the rational use of resources, energy conservation, and waste disposal and recycling. Green supply chain (GSC) management should therefore possess functions that take these factors into consideration [1] [2] [3] .
A GSC necessitates that suppliers consider their products and related environmental management simultaneously, and integrate the principle of environmental protection into their management mechanisms. The purpose of a GSC is to promote green products and enhance market competitiveness. In practice, several enterprises have developed pro-environmental procurement programmes, performance standards, and evaluation processes for suppliers to follow. In addition, certain enterprises listed environmentally hazardous substances, requesting that suppliers not discharge these harmful substances into the environment as waste nor use them for producing and packaging their products [4] [5] .
GSC management includes the entire process from product design to ultimate recycling. Walton et al. [6] indicated that a GSC includes five items: procurement, material management, transportation, packaging, and recycling/reverse logistics. Enterprises that adopt green management should consider green purchasing, transportation, pollution, and recycling during decision-making.
A GSC is a supply chain effect caused by green products promoted by the European Union (EU). EU countries understand that all parts of a supply chain are related to one another, and so they actively legislate for environmental protection instead of using moral suasion. In addition, EU countries have defined an execution timetable, hoping to promote the development of environmentally-friendly global manufacturing practices with the strong support of EU commercial markets.
To reduce effectively the impact of electrical and electronic products on the environment and on people, the EU announced the 'Waste Electrical and Electronic Equipment (WEEE) Directive' and the 'Restriction of Hazardous Substances (RoHS) in Electrical and Electronic Equipment Directive' in 2003. The WEEE Directive requires all manufacturers selling electrical and electronic products in EU countries to consider the environmental pollution caused by product waste disposals, to adopt recyclable and environmentally-friendly design concepts, and to be responsible for waste recycling and relevant costs. The RoHS Directive forbids the use of six toxic chemicals in manufacturing various types of electrical and electronic products. In addition, the EU announced the 'Directive of Eco-design Requirements of Energy-using Products' (EuP) in 2005, which stipulates that manufacturers must employ the product life cycle concept and integrate the requirement of eco-design into product design and development. The purposes of these directives are to reduce environmental pollution and energy demand, and to enhance environmental protection. Furthermore, China implemented the 'Administrative Measure on the Control of Pollution Caused by Electronic Information Products' (also known as China RoHS) in March 2007, the purpose of which was to control the use of hazardous substances in electronic information products [7] [8] .
The manufacturing process of printed circuit boards (PCBs) is complex. It requires multiple chemical agents and special raw materials, thus producing various types of waste water, waste liquid, and solid waste. In addition to numerous types of organic pollutants, the wastes contain substantial amounts of heavy metals such as copper, lead, and nickel. These pollutants, which have high pollution intensity, also feature properties that become increasingly problematic with increasing product levels. Failures to prevent contamination will result in severe environmental pollution. Consequently, finding a way to reduce production-induced environmental pollution throughout the entire PCB industry chain has been a critical concern of the Chinese government and businesses in China.
China is one of the world's largest PCB manufacturers, and will remain at the top because of its advantages in production costs. According to statistics from the China Printed Circuit Association, the world's PCB output value was US$59.79 billion, with China accounting for US$25.53 billion and representing 42.7 per cent of the global output, followed by Japan (14.4 per cent) and Taiwan (13.4 per cent).
This study adopted the Decision-Making Trial and Evaluation Laboratory (DEMATEL) method to develop criteria for evaluating green suppliers on the basis of the GSC. First, criteria for evaluating green suppliers were explored. Second, the causal relationshipships between the criteria and their levels of mutual influence were investigated. Finally, the mechanism for evaluating green suppliers and the methods for selecting them was discussed.
LITERATURE REVIEW

Supply Chain and Green Supply Chain
The Global Supply Chain Forum [9] defined SCM as "the integration of key business processes from end user through original suppliers that provides products, services, and information that add value for customers and other stakeholders". A supply chain is a system by which an enterprise provides and delivers its products or services to customers. A supply chain network consists of suppliers, manufacturers, distributors, retailers, and consumers, in which each component has a major impact on overall operation [1, 9-11].
Handfield et al. [9] stated that a supply chain includes processes such as customer ordering, production and product delivery, and that numerous companies play a functional role in a supply chain, correctly produce products, and deliver products to customers in a timely manner. These functions include accepting customer orders, production planning, manufacturing, quality control, packaging, delivery, and recycling.
Humphreys et al. [12] indicated that the purpose of SCM is mainly to manage the logistics and information flow among suppliers, manufacturers, assemblers, and distribution systems [13] .
According to traditional perspectives, a supply chain is an internal process of a manufacturing enterprise [14] . The supply chain concept focuses on the internal operation and the use of the enterprise's resources. In addition, a supply chain is a process that emphasises the importance of external connections with other enterprises; specifically, a supply chain is a conversion process in which materials are converted into products through manufacturing, assembly, distribution, and retailing in various enterprises, and these products are subsequently delivered to customers. In addition, SCM highlights the importance of corporate networks, such as the front-end relationship among core enterprises, suppliers, and the suppliers of suppliers, and the back-end relationship among core enterprises, customers, and the customers of customers. Based on this corporate network, GSC comprehensively considers environmental impacts in order to protect the environment and reduce resource consumption during the processes of obtaining materials, processing, packaging, storing, delivering, and disposing of products [13] [14] .
Establishing a GSC has both advantages and disadvantages. The advantages are listed as follows: enterprises that encounter fierce market competition can form an alliance to implement a GSC and therefore integrate with upstream and downstream enterprises in the GSC to complement one another and produce benefits for the entire supply chain. In addition, GSC-based enterprises can establish a positive image, signifying that the enterprises produce safe and reliable products and accept social responsibility, thereby enhancing the enterprises' green image and obtaining customer loyalty.
Regarding the disadvantages, although a GSC can enhance the efficiency of resource use and reduce costs to a certain degree, green recycling and waste disposal requires substantial cost, thus generating deficits. In addition, the technology and knowledge required for implementing a GSC are currently inadequate. Although a GSC can be established in theory, technologies and measures for developing green products and disposing of waste require improvement.
Evaluation of GSC suppliers
GSC management includes the entire process from product design to recycling. The items used to evaluate green suppliers include green design, green materials, green suppliers, green production, green selling and packaging, green transportation, and green recycling.
As indicated by Noci [15] , to ensure that suppliers satisfy the requirements of a green corporate environment, the process of choosing a green supplier comprises four stages:
1. Formulate strategies for improving the product environment according to the objectives of a corporate environment. 2. Determine the main environmental evaluation standards according to existing suppliers, technologies, and environmental regulations. 3. Choose a decision-supporting method to analyse the environmental performance of suppliers. 4. Implement and monitor procedures.
Walton et al. [6] considered that, because of rigorous regulations, suppliers must engage in environmentally-friendly behaviour to provide low-cost and satisfactory services. Walton et al. also reported that green production, design, environment, and transportation are the essential criteria in supplier evaluation and selection. Handfield et al. [9] used the analytic hierarchy process (AHP) to evaluate and select green suppliers. The evaluation index comprises four dimensions: the effectiveness of an environmental management system, compliance with regulations, internal control procedures, and green corporate image.
According to Zhu and Sarkis [16] , the GSC dimensions requiring investigation were green design, green purchasing, green management, green production, and reverse logistics. Hervani et al. [17] emphasised several dimensions of GSC management, including green design, green materials, manufacturing, recycling, and environmental performance evaluation. Srivastava [18] noted that GSC management incorporated green awareness into SCM, and that the awareness is reflected in product design, raw material acquisition and selection, manufacturing processes, final product delivery to customers, and the management preceding product disposal. Zhang [19] stated that green procurement and green supplier management substantially influence medium-sized and large enterprises. Zhang selected and investigated 28 companies and used multivariate analysis to determine a set of green-supplier evaluation and selection standards. Tsai et al. [20] proposed four evaluation dimensions for the GSC: green design, green production, green marketing, and green recycling. Although the four dimensions are general principles, their levels of importance and application vary by country and by company. In summary, this study argued that GSC management covers the entire process from product design to final recycling, including items such as green designs, green materials, green suppliers, green production, green marketing and packaging, green transportation, and green recycling.
Based on the previous discussion, two weaknesses were discovered in previous studies on supplier evaluation and selection. First, most studies have assumed that evaluation criteria are independent of each other and do not influence one another. Second, several studies have assumed that all criteria have equal weight. These two weaknesses in the extant literature affect the real evaluation of currently developing GSCs.
METHODS
This study employed the DEMATEL method to investigate the criteria for evaluating green suppliers, explore the causal relationshipships between the criteria and their levels of mutual influence, and discuss the mechanism for evaluating green suppliers, as well as the methods for selecting them.
Evaluation criteria for green suppliers
A criteria system for assessing green suppliers assists a company in improving resource use, reducing resource consumption, and enhancing corporate image. By conducting a literature review, this study elucidates GSC management and green-supplier evaluation, establishing evaluation criteria for green suppliers.
The evaluation criteria system used in this study comprises four dimensions and 12 criteria. The four dimensions and detailed content are presented in Table 1 .
1. Green production: green design, green material use, waste reduction, and energy conservation. 2. Green manufacturing environment: reduction of air pollution, reduction of wastewater discharge, and reduction of harmful substance use. 3. Green management: green management system, green selling, and green corporate image. 4. Green packaging and recycling: green transportation, green packaging, and product recyclability. 
The DEMETEL method
The DEMATEL method can analyse the intricate relationships and associations between criteria in complex management problems to simplify the problems effectively. This method was developed by the Battelle Memorial Institute of the Geneva Research Center [20] to resolve conflicts between technology and people. The method has mostly been applied to investigating problematic structures in the world and analysing problems with complex structures; consequently, current studies, models, and data can be developed, adjusted, and reviewed for exploring convoluted problems that concern people at this time, such as race, hunger, environmental protection, and energy [21] .
The DEMATEL method can be used to understand and analyse complex causal relationshipships between problems in business departments effectively. By observing the level of mutual influence between two elements, researchers can explicitly quantify and analyse the intricate relationships between problems. Furthermore, matrices and relevant mathematical theories can be adopted to calculate the causal relationshipships and strengths of influence between the overall elements. These results facilitate systematic and effective clarification of the structure of the complex causal relationships between various elements and criteria, selection and planning of feasible solutions for major and minor problems, and identification of the method by which causal relationships determine people's dynamic decision-making behaviour.
In recent years, DEMATEL has been widely employed to solve problems in various fields. For example, Tamura et al. [22] adopted DEMATEL and level of importance to explore factors and improvements in customer food anxiety. Lin and Wu [23] applied fuzzy DEMATEL to investigate the problems of group decision-making. Lee et al. [24] employed the Kano model and DEMATEL to analyse causal relationships and levels of mutual influence to identify the core problems in conditions for winning purchase orders, using the case of Taiwan's industrial computer industry as their study example. Lee and Hsieh [24] adopted DEMATEL to analyse the causal relationships between the service attributes of the telecommunications industry to adjust the importance levels of service attributes and solve problems related to competitiveness. Tsai et al. [25] used DEMATEL to determine how manufacturing companies win purchase orders, proposing apt competitive strategies.
The DEMATEL method entails the following calculation procedure:
Step 1: Establish a measuring scale and determine the levels of causal relationships between the elements. Literature reviews, brainstorming, and expert opinions are used to enumerate and define the factors that influence a complex system. Subsequently, a scale measuring the level of influence is designed to compare any two elements, thus determining the levels of causal relationships between them.
Step 2: Establish a direct-relation matrix. After clarifying the meanings of the measuring scale, researchers can conduct a questionnaire, inviting experts to participate in a pairwise comparison of the elements according to their relationships and levels of mutual influence. Finally, a direct-relation matrix is formed, in which every figure represents a level of mutual influence between two elements, and every figure along the diagonal (upper left to lower right) of the direct-relation matrix is designated as 0. 
Step 4: Calculate the direct/indirect relation matrix T, namely the total-relation matrix.
where I denotes the identity matrix.
Step 5: Calculate the sum of the elements of each column and each row. other criteria indicate that the criterion's total influence is considerable; moreover, this criterion should be categorised as a cause because its influence over others surpasses the influence of others over it. Consequently, this criterion has the attribute of a cause and is a driver for problem-solving. 2. Positive (D k − R k ) and low (D k + R k ): A high influence over other criteria and low total influence indicate that the criterion should be in the cause category. In other words, the criterion is independent and can only affect a low number of other criteria. 3. Negative (D k − R k ) and high (D k + R k ): The criterion's influence over other criteria is lower than the influence of others over it. However, the total influence is high, and therefore the criterion is categorised as an effect. In other words, this criterion is a core problem that requires a solution; however, it cannot be directly mitigated because it has the attribute of an effect. 4. Negative (D k − R k ) and low (D k + R k ): This criterion's influence over other criteria is lower than the influence of others over it, and its total influence is relatively low. Therefore, this criterion is categorised as an effect with low total influence. In other words, this criterion is independent and influenced only by a low number of other criteria.
RESULTS AND DISCUSSION
Research questionnaire
The DEMATEL questionnaire for green suppliers included four dimensions and 12 evaluation criteria. The four dimensions were green production, green manufacturing environment, green management, and green transportation and recycling. The 12 evaluation criteria comprised green design (a1), green material use (a2), waste reduction and energy conservation (a3), reduction of air pollution (b1), reduction of wastewater discharge (b2), reduction of harmful substance use (b3), green management system (c1), green selling (c2), corporate green image (c3), green transportation (d1), green packaging (d2), and product recyclability (d3).
The DEMATEL questionnaire was distributed from 1 to 20 April 2014. This study invited a group of experts to express their personal opinions about the criteria for evaluating green suppliers. A seven-point rating scale was adopted, with '6' denoting the highest level of influence and '0' denoting an absence of influence. The questionnaire respondents comprised 15 experts, including four general managers from electronic system manufacturers that purchase PCBs, four general managers of PCB companies, four professionals, and three officials from the government's Department of Environmental Protection. The authors visited every respondent, explained the content of the questionnaire in person, and handed the questionnaire to the respondent to complete. A total of 15 formal questionnaires were distributed and 15 valid questionnaires were retrieved (a valid return rate of 100%). Table 2 presents the results of the expert opinion survey. The table of 12 criteria was compiled after the scores of the 15 experts were averaged, with the resulting fractions being rounded up one decimal point. The table contains 132 mutual influence values, after 12 influence levels with values of 0.0 along the diagonal of the matrix, where the criteria were paired with themselves, had been deleted from the original 144 cells (Table 2) . Subsequently the normalised direct-relation matrix was calculated. Column vectors and maximal figures were used as normalised baselines in calculating the normalised direct-relation matrix. According to Equation (2), the reciprocal of the maximal figure between all column sums was λ. After the calculation in Equation (3) was performed, the direct-relation matrix X was multiplied by λ to obtain the normalised direct-relation matrix N. The influence coefficients were rounded up two decimal points (Table 3) . Equation (4) was then used to calculate the direct/indirect relation matrix T, and the obtained influence coefficients were rounded up to two decimal points (Table 4) .
Calculation results
Afterwards, Equations (5) and (6) Table 5 . In addition, the 12 criteria were drawn into a diagram with prominence and relation as its axes (see Figure 1 ).
Discussion
The criteria were classified and discussed in detail using relation (D − R) and prominence (D + R) to investigate the levels of mutual influence and causal relationships. Criteria a1  a2  a3  b1  b2  b3  c1  c2  c3  d1  22  d3  a1 1. High relation and high prominence: green design (a1), green material use (a2), waste reduction and energy conservation (a3), and reduction of harmful substance use (b3). These four criteria were categorised as causes and core items that influenced other attributes. In other words, they were drivers for problem-solving. 2. High relation and low prominence: reduction of air pollution (b1), reduction of wastewater discharge (b2), and green transportation (d1). These three attributes could influence a small number of other attributes, although to a relatively lesser extent. 3. Low relation and high prominence: green management system (c1), green selling (c2), and green corporate image (c3). These three attributes were in the category of effect. This type of attribute was influenced by other attributes and could not be directly improved. 4. Low relation and low prominence: green packaging (d2) and product recyclability (d3).
These two criteria were influenced by other criteria, although to an extremely low extent. In other words, this type of attribute was relatively independent.
Figure 1: DEMATEL distribution of the 12 criteria
According to the aforementioned analyses on influence levels and causal relationships, this study determined that green design (a1) is the core criterion of corporate development by which enterprises can actively propose a business strategy entailing green design for enhancing green performance. The criterion of green material use (a2) also indicated that businesses should adopt green concepts when selecting raw materials and purchasing green materials from suppliers. The criterion of waste reduction and energy conservation (a3) revealed that enterprises should reduce hazardous waste and energy consumption during the manufacturing process to achieve the eco-friendly goal of having green suppliers. Moreover, the criterion of the reduction of harmful substance use (b3) indicated that businesses should actively prevent the use of hazardous substances to reduce air and water pollution, in addition to improving green environmental performance.
Furthermore, the four criteria of green design (a1), green material use (a2), waste reduction and energy conservation (a3), and reduction of harmful substance use (b3) were the major problem-solving factors. Using the four criteria to enhance green performance can subsequently promote the other performance-improving criteria.
CONCLUSION
The GSC requires suppliers to consider their products and environment-related management comprehensively, and to incorporate the principles of environmental protection into their management mechanisms, thus rendering their products more eco-friendly and enhancing their market competitiveness. A company can improve its resource use, reduce energy consumption, and boost its image by establishing criteria for evaluating green suppliers.
This study has developed criteria for evaluating green suppliers on the basis of the GSC. The DEMATEL method was adopted to investigate the criteria for evaluating green suppliers, to explore intercriterion causal relationships and levels of mutual influence, and to discuss the mechanism for evaluating green suppliers and the methods for selecting them.
Twelve criteria for evaluating green suppliers were analysed, in addition to the criteria's levels of mutual influence and causal relationships. This study determined that the four criteria of green design (a1), green material use (a2), waste reduction and energy conservation (a3), and reduction of harmful substance use (b3) are the major problem-solving factors. Improving the green performance of the four criteria can promote other performance-enhancing criteria and thus achieve the goal of green suppliers.
The DEMATEL method can be used to understand and analyse complex causal relationships between problems in business departments effectively. By observing the level of mutual influence between two elements, researchers can explicitly quantify and analyse the intricate relationships between problems. Furthermore, matrices and relevant mathematical theories can be adopted to calculate the causal relationships and strengths of influence between the overall elements. These results facilitate systematic and effective clarification of the structure of the complex causal relationships between various elements and criteria, selection and planning of feasible solutions for major and minor problems, and identification of the method by which causal relationships determine people's dynamic decision-making behaviour.
